Objective-To find if the prevalence of symptoms associated with sick building syndrome decreased among office workers after moving to a building with improved ventilation (after controlling for potential confounders). (23%). These findings were all significant and remained generally similar after controlling for personal, psychosocial, and work related factors. Furthermore, more than 60% of workers symptomatic in 1991 were asymptomatic in 1992 for all types of symptoms. In contrast, less than 15% of workers were asymptomatic in 1991 but symptomatic in 1992 for all types of symptoms. Conclusion-In this study, the prevalence of most symptoms usually associated with the sick building syndrome decreased by 40% to 50% after workers were transferred to a building with an improved ventilation system. The results show that it is possible to diminish the prevalence of symptoms associated with the sick building syndrome among office workers occupying a building with mechanical ventilation, air conditioning, and sealed windows. Keywords: sick building syndrome; office workers; indoor air quality As defined by the World Health Organisation, the sick building syndrome is characterised by an excessive prevalence of irritative symptoms of the skin and the mucous membranes and other symptoms including fatigue, headache, and difficulty concentrating in the people occupying a building.' Overall evidence suggests that these symptoms are relatively common among office workers. Studies on workers in buildings selected without regard to complaints about symptoms reported a prevalence of more than 20% of at least one work related symptom (usually defined as a symptom that improves when away from work).2 4 Such symptoms could have an impact on a worker's productivity. 6 A study conducted in a stratified random sample of office workers in the United States showed that at least 20% reported a decrease in work performance as a consequence of their symptoms.7
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(Occup Environ Med 1996;53:204-2 10) Keywords: sick building syndrome; office workers; indoor air quality As defined by the World Health Organisation, the sick building syndrome is characterised by an excessive prevalence of irritative symptoms of the skin and the mucous membranes and other symptoms including fatigue, headache, and difficulty concentrating in the people occupying a building.' Overall evidence suggests that these symptoms are relatively common among office workers. Studies on workers in buildings selected without regard to complaints about symptoms reported a prevalence of more than 20% of at least one work related symptom (usually defined as a symptom that improves when away from work).2 4 Such symptoms could have an impact on a worker's productivity. 6 A study conducted in a stratified random sample of office workers in the United States showed that at least 20% reported a decrease in work performance as a consequence of their symptoms. 7 Although specific aetiological exposures have not been shown to be the cause of these symptoms, in many studies, several factors have been associated with an increased prevalence of symptoms. In a reanalysis of six epidemiological studies,8 it was shown that the prevalence of symptoms was consistently two to three times greater in buildings with mechanical ventilation and air conditioning than in buildings with natural or simple mechanical ventilation. In these six studies, the presence of sealed windows was a usual feature of buildings with mechanical ventilation and air conditioning, being present in 47 of 48 buildings, whereas this feature was present in only five of the 57 buildings with natural or simple mechanical ventilation. Of other environmental factors assessed, an increase in symptoms has been consistently associated with a ventilation rate at or below 10 Table 2 shows the prevalence of symptoms reported by questionnaire in 1991. Symptoms affecting the nose and throat were the most frequent (23 0%), followed by difficulty concentrating (18-4%), eyes (17-7%), and fatigue (15-0%). Other symptoms were less frequent: headache (7 3%), skin (6 9%), and respiratory (3-1%). Table 3 shows the relation of some personal, psychosocial, and work related factors to the prevalence of symptoms in 1991. Women had higher prevalences of symptoms than men for all symptoms except respiratory and concentrating. Workers who reported chronic pulmonary disease or asthma had higher prevalences of symptoms of the nose and throat, eyes, and skin, and difficulty concentrating. Current smokers had higher prevalences than non-smokers of all symptoms except respiratory, headache, and concentrating. Workers exposed to high job strain, a combination of high psychological demands, and low job decision latitude had higher prevalences of all symptoms except eyes, respiratory, and skin. Workers with low social support at work had higher prevalences for all symptoms except eyes, respiratory, and concentrating. Those working 20 hours or more a week on a video display terminal had higher Table 3 Crude association* between the prevalence of symptoms measured in 1991 and some personal, psychosocial, and work relatedfactors tAdjusted for ambient noise and lighting in the room, comfort at the workstation, workplace intimacy, smoking at work, proximity of a window, time spent at a video display terminal, job strain, and social support at work.
prevalences of all symptoms except respiratory, headache, and concentrating. Workers located less than five metres from a photocopier had higher prevalences of symptoms of the nose and throat and respiratory tract, and headache. Table 4 shows the prevalence ratios and the prevalence odds ratios of symptoms in 1992 when in the building with an improved ventilation system, compared with 1991. In the crude unmatched analysis conducted among all workers (first column) the prevalence of symptoms diminished by 40% to 50% in 1992 for four of the seven types of symptoms: nose and throat, respiratory, skin, and fatigue. The prevalence diminished by 37% for headache and by 23% for symptoms of the eyes. There was no decrease in the prevalence of difficulty in concentrating. The crude prevalence odds ratios (second column) were generally similar Table 5 shows the proportion of workers whose symptoms improved or deteriorated from 1991 to 1992. The proportion of workers with symptoms in 1991 who did not have symptoms in 1992 was greater than 60% for all types of symptoms. On the other hand, the proportion of workers who did not have symptoms in 1991 and had symptoms in 1992 was below 15% for all types of symptoms and below 8% for all symptoms except difficulty concentrating.
The figure shows the mean concentrations of CO2, humidity, and temperature for each year of the study. Efforts were made in planning the study to measure potential confounding factors and to control them in the analysis. Confounders are factors other than the study variables (changes in the design, operation, and maintenance practices of the ventilation system) that could be different in the building occupied in 1992 compared with the buildings occupied in 1991 and that could potentially be associated with the prevalence of symptoms. Such factors may be related to the characteristics of the study population, the physical work environment, and the psychosocial work environment. As for characteristics of the study population such as age, sex, biomedical factors, and personality characteristics, they could either not change or change very little over one year. These factors were thus inherently controlled by the design. Smoking habits were controlled in the analysis. This may have had an effect on the reduction of prevalence of symptoms. Factors related to the physical work environment are potentially numerous. In this study, the analysis controlled for ambient noise, lighting, comfort at the workstation, workplace intimacy, proximity of a window, and number of hours at a video display terminal. Factors related to the psychosocial work environment are also potentially numerous. In this study we controlled for two important psychosocial factors at work: job strain, the simultaneous presence of high psychological job demands and low job decision latitude, and social support at work.'0 These two factors are recognised to be important in the development of adverse health effects.'o24 The effects measured remained similar after controlling for all these factors in the analysis.
The absolute prevalence of symptoms measured in our study is generally lower than that measured in previous studies.8 This finding is consistent with our definition of a prevalent symptom, which we considered more restrictive than the definitions generally used in previous studies. Indeed, our definition of symptoms required that they be present only at work, which is probably more restrictive than including symptoms that improve away from work, as used in most studies. The order in which the prevalence of most types of symptoms ranked in our study is consistent with previous studies.8 Indeed, in 1991, symptoms related to the nose and throat (21-8%), the eyes (18-1%), or fatigue (15-4%) were the most prevalent, whereas skin (6 2%) and respiratory (2-7%) symptoms were the least prevalent.
Our results show that female sex, personal medical history of asthma and allergy, high job strain, low social support at work, and working for more than 20 hours on video display terminal were associated with an increased prevalence of many symptoms. These results are consistent with previous studies. 9 A 40% to 50% decrease in the prevalence of most symptoms was measured in 1992 when workers were in the building with an improved ventilation system. The magnitude of this effect is consistent with the twofold increased prevalence of symptoms found in previous studies when buildings with mechanical ventilation and air conditioning were compared with buildings with natural or simple mechanical ventilation.
This study was not designed to assess specific aetiologic exposures. Although limited, the environmental measurements were of interest. The decreased concentration of CO2 found in 1992 corroborates the improvement of ventilation in the building occupied in 1992 and could contribute to the lower prevalence of symptoms. This finding is of importance given that the occupancy per square metre was on average higher in the building occupied in 1992 than the buildings occupied in 1991. The fact that air from the smoking area was not recirculated in the new building could also contribute to the lower prevalence of symptoms in 1992 as could the higher humidity and the more stable temperature in the building occupied in 1992. Indeed, in several studies, an increased humidity has been associated with a reduction in the prevalence of symptoms,21 25 and an increased temperature, even within the range of the present study, has been associated with a reduction in the prevalence of symptoms.26 Despite a difference of humidities between buildings 1 and 2 (humidity less than 20%) and 3, 4, and 5 (humidity more than 20%) in the building occupied in 1991, there was no difference in the prevalence of symptoms in these buildings. However, the analysis of the effect of humidity was relatively crude as the environmental measures were not specific to each occupant.
Conclusion
Buildings with mechanical ventilation and air conditioning, which usually means buildings with sealed windows, are the work environment of great numbers of office workers worldwide. The results of the present study corroborate previous findings showing that the prevalence of symptoms is associated with many factors. The results also showed that it is possible to decrease the prevalence of symptoms among workers occupying this type of building. Indeed, the prevalence of most symptoms decreased by 40% to 50% after workers were moved to a building with an improved ventilation system. Until the identification of more specific causes, prevention of or intervention in the sick building syndrome should be at the level of reasonable design, operation, and maintenance practices of the ventilation system.
